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SUMMARY Sixteen subjects, with sickle-cell anaemia, all Iranians (ages 3 to 56 years), with very mild
symptomatology are reported. Some of the subjects had been totally asymptomatic. Splenomegaly
was noted in 9 cases. There was an increase in the mean level of fetal haemoglobin (18 %); this is the
probable explanation for the mild phenotype. In 29 subjects with sickle-cell trait, the level ofHb F was

also significantly raised as compared with normal (1-6% vs. 0 6%). The mechanism of increased
synthesis of Hb F is unknown. The findings are similar to those reported in the Shiite Moslems of
Saudi Arabia suggesting that in these populations there is a genetically-determined ability to produce
high levels of Hb F in the presence of the sickle-cell gene.

Sickle-cell anaemia is usually a severe disease
characterized by haemolytic anaemia, repeated
painful 'crises', widespread organ involvement, and
dysfunction leading to shortened survival (Coming,
1972). However, there are exceptions and some
patients with sickle-cell anaemia survive to late
adult life (Charache, 1964). In the past few years,
several reports have appeared describing a 'benign'
variant of sickle-cell anaemia (Serjeant et al., 1968;
Ali, 1970; Perrine et al., 1972). The clinically mild
disease was related to the relatively higher levels of
fetal haemoglobin found to be present in these
subjects (Ali, 1970; Perrine et al., 1972) as compared
with sickle-cell anaemia of Black populations
(Coming, 1972).

In this article we report the results of clinical and
haematological studies on a group of 16 subjects from
southern Iran with clinically mild sickle-cell anaemia
many ofwhom have been almost completely symptom
free.

Subjects and methods

The subjects were all Iranians mostly from the
southern part of Iran in the Persian Gulf area.
Sixteen subjects with homozygous sickle-cell anaemia
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from 12 families, and 29 subjects heterozygous for
the sickle-cell anaemia (trait) were studied. Family
surveys were carried out on each individual with
sickle-cell anaemia. Since beta-thalassaemia is
present in this area (Ismail-Beigi and Haghshenass,
1975), only cases are included as sickle-cell anaemia
in whom haemoglobin studies were available on the
parents or other family members to exclude sickle-
cell beta-thalassaemia.

In all cases the condition was diagnosed by sickle-
cell preparations followed by haemoglobin electro-
phoresis. Each individual with sickle-cell anaemia
had a complete physical examination with chest and
gall-bladder x-rays and bone surveys. Skeletal
changes were graded from 0 to 4+; 1+ for mild and
4+ for severe skeletal changes attributable to sickle-
cell anaemia.

Haematological techniques were followed as
standard methods (Dacie and Lewis, 1968). Blood
samples for haemoglobin analysis were collected into
acid citrate dextrose solution. Fetal haemoglobin was
determined by the alkali resistance method (Singer
et al., 1951) and its distribution in red cells by the
acid elution method (Kleihauer et al., 1957). Red
cells were examined for sickling using 2% sodium
bisulphite (Na2S204) (Dacie and Lewis, 1968).
Umbilical cord blood was used for characterization
and standardization of fetal haemoglobin analysis
and electrophoretic mobility. Known haemoglobin S
was kindly supplied by Dr S. Charache, The Johns
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Hopkins Hospital, Baltimore. Tbe red blood cells of
sickle-cell anaemia subjects reported in this study had
the characteristic sickling phenomenon and the
haemoglobin S of our patients had the same electro-
phoretic mobility as the known Hb S at several pH
values.

Globin was prepared and the globin chains were
separated by chromatography and finger printed, as
described by Clegg et al. (1966). Peptide gamma 15 or
gamma CB3 was isolated and the glycine/alanine
composition was determined as described by Weather-
all et al. (1975).

Results

CLINICAL FINDINGS
The main clinical and haematological findings are
summarized in Tables 1 and 2. The group with sickle-
cell anaemia (Table 1) comprised 14 males and 2
females. This disproportionate ratio probably is the
result of the higher social mobility of male subjects,
many of whom had travelled several hundred kilo-
meters from the Persian Gulf area to Shiraz for
referral. In the subjects with homozygous sickle-cell
anaemia, the only symptoms which could be attri-
buted to sickle-cell anaemia were mild attacks of
musculoskeletal pain which rarely required emer-
gency room visits or admittance to hospital. None of

the cases showed disproportion of their body habitus.
All had normal fundi. The spleen was palpable in 9
of the subjects and varied up to 6 cm below the left
costal margin. In no case was the spleen tender or
nodular. Slight hepatomegaly was noted only in one
(case 13) who also had acute hepatitis. Very few
presented with pneumonia or other types of in-
fection. There,was no evidence of osteomyelitis. Leg
ulcers were not noted, and no patients had scars on
their legs. Significant skeletal abnormality was found
in 1 individual who had aseptic necrosis of the left
femoral head (case 9) requiring special surgical
treatment. The skeletal surveys were normal in all
subjects except in 3 individuals who showed mild
osteoporosis without significant trabeculations or
sclerosis of the long bones. No splenic opacities were
seen. There were no gallstones. Moderate cardio-
megaly without congestive heart failure was found
in 1 individual (case 9). One female (case 14) had 3
uneventful pregnancies. Two cases of monozygotic
twins were also seen (cases 6 and 7). One patient had
an attack of priapism (case 15). Urinalysis and blood
urea nitrogen were normal in all subjects.

HAEMATOLOGICAL FINDINGS

Mild to moderate anaemia and raised percentage of
reticulocytes was noted in all subjects with sickle-cell
anaemia (Table 1). The haemoglobins ranged from

Table 1 Clinical and haematological data in 16 cases ofsickle-cell anaemia

Case no. Sex Age (y) Splenomegaly* Skeletalt No. oft Hb (gldl) Reticulocytes Hb F
(cm) changes Admissions

I M 27 6 0 1 10-0 50 20
2 M 22 4 1+ 0 11-5 64 17
3 M 18 3 1 + 0 12-5 18 12
4 M 24 0 0 3 11-8 10 19
5 F 22 0 0 2 115 6-0 17
6 M 3 5 0 0 119 24 38
7 M 3 4 0 0 11-5 1 8 38
8 M 14 0 0 0 11-3 3.5 30
9 M 19 5 3+ 2 7-5 13 9-4
10§ M 22 0 0 0 7-0 40 20
11 M 20 2 0 0 10-5 15 18
12 M 5 5 0 0 65 2.2 9-2
13 M 13 6 1 + 2 7.1 22 12
14 F 56 0 0 0 111 10 94
15 M 12 0 0 1 8-1 3-4 4.9
16 M 10 0 0 1 12-1 11 58
Mean±SEM 18 2 5 0 4+ 0-8 101 ±0-5 10-0±2-4 18±3
Range 3-56 0-6 0-3+ 0-3 6-5-12-5 1-40 4-9-38

*Splenomegaly (cm) below the left costal margin.
tSkeletal changes are graded from 0 for none to 4+ for severe skeletal changes.
$No. of hospital admissions because of musculoskeletal pain.
§Glucose-6-phosphate dehydrogenase deficient with hepatitis. Reticulocyte count 11% 6 weeks after recovery.

Table 2 Clinical and haematological data in 28 cases ofsickle-cell anaemia

No. ofcases Mean age (y) Male Female Hb (gldl) Reticulocytes Hb F

29 34-5 14 15 13-0±0-3 1-4±0-7 1-6±0-2
(9 to 17) (0-5 to 3-0) (0-5 to 3-2)
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6 5 to 12-5 g/dl. Two subjects had conspicuously
raised reticulocyte counts (40 % in case 10, and 22%
in case 13), while most other subjects had reti-
culocytes below 15 %. The Wright stained smears of
peripheral blood in subjects with sickle cell anaemia
showed slight to moderate anisocytosis and poiki-
locytosis with slight to moderate polychromasia; rare

spherocytes, ovalocytes, and sickle forms were noted.
There was no suggestion of hypochromia. In the
sickle-cell anaemia subjects the fetal haemoglobin
was distributed in a heterogeneous manner among
the red blood cells.
Complete family data were available in all cases

except in 4 families in which 1 or both parents had
died; in these families data on sibs showed the
presence of sickle-cell trait. In the sickle-cell anaemia
subjects the mean haemoglobin and reticulocytes
were 13'0 g/dl and 1-4%, respectively. Twenty-nine
cases of sickle-cell trait had detailed haemoglobin
analysis. In each case haemoglobin electrophoresis
showed Hb A, S, and A2. Haemoglobin A2 in this
group ranged from 0 5 to 3 0% and fetal haemo-
globin ranged from 0-5 to 3-2, with a mean of
1-6 ± 0-2. The percentage fetal haemoglobin in our
laboratory-tested in 75 healthy individuals-is
0-6% ± 0-2 %. Electrophoretic analysis for haemoglo-
bins Barts and H were done in all cases (Weatherall
and Clegg, 1972) and none was found.

STRUCTURAL ANALYSIS
Fingerprinting analysis of the isolated beta chain
indicated that this was genuine Hb S. In 1 case
sufficient Hb F was present to isolate peptide gamma
CB3. The glycine and alanine compositions were
determined. The glycine estimation gave a value of
0-85 residues which is in the range found in cord
blood samples in this laboratory.

Discussion

Although sickle-cell anaemia is usually a severe
illness, it is becoming apparent that the disorder can
also present with a significantly milder phenotype
(Sergeant et al., 1968; Ali, 1970; Perrine et al., 1972).
This study provides further data on the mild pheno-
type of sickle-cell anaemia. Many of the subjects
reported here had been totally asymptomatic. It is
probable that genetic as well as environmental
factors play a role in producing such a mild form of
sickle-cell anemia. It is interesting that the 18 sickle-
cell anaemia subjects reported by Perrine et al. from
Arabia were all Shiite Moslems as were our cases.
Since the Arabs are predominantly Suni Moslems, the
frequency of the disorder in Shiite Arabs probably
reflects migration of Persian Gulf populations into
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the Arabian Penninsula. Though we have not deter-
mined the incidence or prevalence of Hb S gene in
Persian populations, it is clear that the gene is not
rare in this area of the world. These findings suggest
that there is a gene associated with those for Hb S in
the Shiite population capable of producing unusually
high levels of Hb F.

Clinical and haematological studies on sickle-cell
trait subjects revealed that the individuals were
asymptomatic and had normal haemoglobin and
reticulocyte values. However, the mean fetal haemo-
globin value of this group was significantly higher
than our normal population (P < 0 005). The genetics
of this phenomenon deserve further study.
The most striking difference between our sickle-cell

anaemia subjects and sickle-cell anaemia seen in
Black populations is the higher percentage of fetal
haemoglobin present in our subjects (18 %). The
fetal haemoglobin is distributed in a heterogeneous
fashion among the red blood cells. The protective
effect of Hb F against sickling has been well docu-
mented (Charache and Conley, 1964; Bertles and
Milner, 1968). The presence of Hb F probably
decreases the number of cells that can sickle easily
thereby leading to decreased stacking and sludging of
red blood cells in the capillaries. Perrine et al. also
studied the Gor/Aa ratio of Hb F in their subjects and
found that the Hb F was similar to newborn rather
than adult type fetal haemoglobin. This was the case
in the 1 sample of Hb F studied in this way in the
present series. Further data of this type would be of
particular interest.
The cause of raised Hb F value in the subjects

studied is not clear. Studies directed towards eluci-
dation of control mechanisms involved in regulation
of Hb F synthesis in sickle-cell anaemia could be of
great scientific and therapeutic value.

The authors are grateful to Miss N. Mohammadi,
Mrs F. Tadayon and especially to Mrs P. Sheiko-
leslami for their able technical assistance. We would
also like to thank Mrs. M. Fountaine for her secre-
tarial help.
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